(19) 



J 



Europaisches Patentamt 
Europ an Patent Office 
Office europeen des br vets 



I 



(12) 



(43) Date of publication: 

26.09.2001 Bulletin 2001/39 

(21) Application number: 01302316.3 

(22) Date of filing: 14.03.2001 



(it) EP1 136 887 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCI7: G03F 7/20 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Van Schaik, Frank 


MC NL PT SE TR 


5508 HE Veldhoven (NL) 


Designated Extension States: 


• Keijsers, Gerardus Johannes Joseph 


AL LT LV MK RO SI 


5913 RT Venlo(NL) 


(30) Priority: 16.03.2000 EP 00302161 


(74) Representative: Leeming, John Gerard 




J.A. Kemp & Co., 


(71) Applicant: ASM LITHOGRAPHY B.V. 


14 South Square, 


5503 LA Veldhoven (NL) 


Gray's Inn 




London WC1R5JJ (GB) 



(54) Substrate holder for lithographic apparatus 

(57) An adapter or intermediate substrate holder (1 ) 
for use in a lithographic projection apparatus, which 
holder can itself be held by a standard substrate holder 
in said lithographic projection apparatus and in turn can 
hold a non-standard substrate. The means for holding 
the non-standard substrate may be comprised of one of 
or both of a vacuum holding means and mechanical 
clamping means. The vacuum holding means may be 
comprised of: a vacuum space on which the non-stand- 
ard substrate is placed; a barrier (9) means around the 



edge of the vacuum space that closes off the vacuum 
space and that makes a sealing contact with the non- 
standard substrate; and a means (11) for exposing the 
vacuum space to vacuum. The mechanical clamping 
means may be comprised of: two or more stationary po- 
sitioning pins (4) opposed by a slidable mechanism (30) 
which is provided with at least one sliding positioning 
pin (5) mounted thereon and which is biased to move 
the sliding positioning pin towards the stationary pins 
(4). 



Fig.2. 
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Description 

[0001] The present invention relates to substrate 
holders, especially those for holding thin, substantially 
planar substrates. More particularly, the invention re- 
lates to such substrate holders as used in lithographic 
projection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern the 
projection beam according to a desired pattern; 
a substrate table provided with first holding means 
for holding a substrate of a first type; and 
a projection system for projecting the patterned 
beam onto a target portion of the substrate. 

[0002] The term "patterning means" as here em- 
ployed should be broadly interpreted as referring to 
means that can be used to endow an incoming radiation 
beam with a patterned cross-section, corresponding to 
a pattern that is to be created in a target portion of the 
substrate; the term "light valve" can also be used in this 
context. Generally, the said pattern will correspond to a 
particular functional layer in a device being created in 
the target portion, such as an integrated circuit or other 
device (see below). Examples of such patterning means 
include: 

A mask. The concept of a mask is well known in 
lithography, and it includes mask types such as bi- 
nary, alternating phase-shift, and attenuated 
phase-shift, as well as various hybrid mask types. 
Placement of such a mask in the radiation beam 
causes selective transmission (in the case of a 
transmissive mask) or reflection (in the case of a 
reflective mask) of the radiation impinging on the 
mask, according to the pattern on the mask. In the 
case of a mask, the support structure will generally 
be a mask table, which ensures that the mask can 
be held at a desired position in the incoming radia- 
tion beam, and that it can be moved relative to the 
beam if so desired. 

A programmable mirror array. An example of such 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
Thebasicprinciple behind such an apparatus is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filter, the said un- 
diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to 
thF addrePFinc natter c* thp »—,atny-addressab!p 
surface. The required matrix addressing can be per- 
formed using suitable electronic means. More infor- 



mation on such mirror arrays can be glean d, for 
example, from United States Patents US 5,296,891 
and US 5,523.193.. which are incorporated herein 
by reference. In the case of a programmable mirror 
5 array, the said support structure may be embodied 
as a frame ortable : for example, which may be fixed 
or movable as required. 

A programmable LCD array. An example of such a 
construction is given in United States Patent US 
10 5,229,872, which is incorporated herein by refer- 
ence. As above, the support structure in this case 
may be embodied as a frame or table, for example, 
which may be fixed or movable as required. 

15 For purposes of simplicity, the rest of this text may, at 
certain locations, specifically direct itself to examples in- 
volving a mask and mask table; however, the general 
principles discussed in such instances should be seen 
in the broader context of the patterning means as here- 
to above set forth. 

[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the patterning means may 
generate a circuit pattern corresponding to an individual 
25 layer of the IC, and this pattern can be imaged onto a 
target portion (e.g. comprising one or more dies) on a 
substrate (silicon wafer) that has been coated with a lay- 
er of radiation-sensitive material (resist). !n general, a 
single wafer will contain a whole network of adjacent tar- 
so get portions that are successively irradiated via the pro- 
jection system, one at a time. In current apparatus, em- 
ploying patterning by a mask on a mask table, a distinc- 
tion can be made between two different types of ma- 
chine. In one type of lithographic projection apparatus, 
35 each target portion is irradiated by exposing the entire 
mask pattern onto the target portion in one go; such an 
apparatus is commonly referred to as a wafer stepper. 
In an alternative apparatus — commonly referred to as 
a step-and-scan apparatus — each target portion is ir- 
40 radiated by progressively scanning the mask pattern un- 
der the projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning 
the substrate table parallel or anti-parallel to this direc- 
tion; since, in general, the projection system will have a 
45 magnification factor M (generally < 1), the speed V at 
which the substrate table is scanned will be a factor M 
times that at which the mask table is scanned. More in- 
formation with regard to lithographic devices as here de- 
scribed can be gleaned, for example, from US 
so 6,046,792, incorporated herein by reference. 

[0004] In a manufacturing process using a lithograph- 
ic projection apparatus, a pattern (e.g. in a mask) is im- 
aged onto a substrate that is at least partially covered 
by a layer of radiation-sensitive material (resist). Prior 
55 to this imaging step, the substrate may undergo various 
n r oceci\!ref suc*~ p.? nrir-iinc resist coating and a soft 
bake. After exposure, the substrate may be subjected 
to other procedures, such as a post-exposure bake 
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(PEB), development, a hard bake and measurement/in- 
spection of the imaged features. This array of proce- 
dures is used as a basis to pattern an individual layer of 
a device, e.g. an IC. Such a patterned layer may then 
undergo various processes such as etching, ion-implan- 
tation (doping), metallization, oxidation, chemo-me- 
chanical polishing, etc., all intended to finish off an indi- 
vidual layer. If several layers are required, then the 
whole procedure, or a variant thereof, will have to be 
repeated for each new layer. Eventually, an array of de- 
vices will be present on the substrate (wafer). These de- 
vices are then separated from one another by a tech- 
nique such as dicing or sawing, whence the individual 
devices can be mounted on a carrier, connected to pins, 
etc. Further information regarding such processes can 
be obtained, for example, from the book "Microchip Fab- 
rication: A Practical Guide to Semiconductor Process- 
ing", Third Edition, by Peter van Zant, McGraw Hill Pub- 
lishing Co., 1997, ISBN 0-07-067250-4, incorporated 
herein by reference. 

[0005] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. The radiation system may also in- 
clude components operating according to any of these 
design types for directing, shaping orcontrolling the pro- 
jection beam of radiation, and such components may 
also be referred to below, collectively or singularly, as a 
"lens". Further, the lithographic apparatus may be of a 
type having two or more substrate tables (and/or two or 
more mask tables). In such "multiple stage" devices the 
additional tables may be used in parallel, or preparatory 
steps may be carried out on one or more tables while 
one or more other tables are being used for exposures. 
Twin stage lithographic apparatus are described, for ex- 
ample, in US 5,969,441 and WO 98/40791 , incorporat- 
ed herein by reference. 

[0006] In a lithographic apparatus, the substrate table 
is generally designed to hold substrates that have stand- 
ard sizes and shapes. Typically, the smallest substrate 
that can be held is a circular substrate with a diameter 
of 75mm (3"). Substrate tables are generally designed 
so as to have holding means tailored to standard sub- 
strates; it is vital that the holding means be capable of 
holding the substrate immobile, and designing such 
means for a standard size/type of substrate allows the 
design to be optimized. Various other types of substrate 
supporting tables — such as found in auxiliary appara- 
tus, substrate handling components, substrate transport 
devices, etc. — are also generally designed to handle 
substrates of a standard size and shape. 
[0007] However, there are occasions when it may be 
desirable to process a substrate that is either not of a 
slf.nGe.rc si? c c r.ci C sl&nas.rc s.'ic.pe F cr e;.f.r.-i;_i»- 
conventionally used SiC substrates generally have a di- 
ameter of 50mm (2"), which is too small for most con- 



ventional substrate holding means. Also, substrates 
may have different shapes than the standard. Most sub- 
strates are fully round, or may have a limited flat portion 
(hereafter referred to as a "flat") along part of their cir- 
5 cumference; however square or rectangular substrates 
of various sizes may also be desirable (e.g. when deal- 
ing with ceramic substrates for magnetic head produc- 
tion). Moreover, it may be desirable to process irregular 
shapes, each of which may be unique (e.g. as a result 
10 of breakage of a larger substrate into irregular pieces). 
These shapes and sizes are relatively uncommon, and 
it is rarely economical to design and build a substrate 
table and handling components specifically tailored to 
such non-standard substrates. 
is [0008] An object of the present invention is to provide 
means by which non-standard substrates (substrates of 
a "second type") can be used in a lithographic projection 
apparatus having a substrate table designed to hold a 
particular size and shape of substrate (substrates of a 
20 "first type"). 

[0009] According to the present invention, there is 
provided a lithographic projection apparatus as speci- 
fied in the opening paragraph, characterized by an in- 
termediate substrate holder which can be held by the 
25 fjrst holding means and is provided with second holding 
means for holding a substrate of a second type. 
[0010] According to a further aspect of the invention, 
there is provided an intermediate substrate holder for 
holding a substrate (of a second type), said holder com- 
30 prising: 

a substantially planar body having a first major sur- 
face; 

a matrix of protrusions extending from said first ma- 
35 jor surface, for supporting the substrate; 

barrier means provided on said first major surface 
for defining a vacuum space between that surface 
and a substrate resting against the said protrusions; 
means for exposing the vacuum space to a vacuum. 

40 

[0011] The present invention is advantageous be- 
cause an intermediate substrate holder — which can be 
held on the first holding means on a substrate table in 
the standard manner, and which itself can hold a (non- 
45 standard) substrate of the second type upon its own 
(second) holding means — provides a means whereby 
such a (non-standard) substrate of the second type can 
be processed by the (standard) holding means of the 
first type on a conventional substrate table, without re- 
so quiring substantial modification to the substrate table or 
the holding means thereupon. Ideally, the intermediate 
substrate holder, with the non-standard substrate at- 
tached, would be such that it could also be handled by 
other substrate handling apparatus, without such han- 
55 dling apparatus requiring modification. Thus, although 
£>'trf. i cU\:'c. f rr.c/ L.t- .t^rf-clc v. t: t i-^£,i£Aci 
the hardware of the apparatus would not require modi- 
fication. 
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[0012] A particular advantage of this invention is that 
it allows the processing of broken substrates to be com- 
pleted. Breakage is an unfortunate problem that can oc- 
cur during the processing of substrates. Substrates typ- 
ically contain many devices that are being simultane- 5 
ously manufactured. If the substrate is broken, it is likely 
that some of the devices that are being manufactured 
on the substrate (i.e. those not on the fracture lines) will 
be undamaged. It is therefore desirable to be able to 
continue the processing of these undamaged devices, 
in view of the cost that has already been incurred in the 
manufacturing process up to that stage. Obviously, 
these pieces of substrate will no longer be of a standard 
shape or size, and designing a substrate holder for each 
one would not be sensible. 

[0013] According to a further aspect of the invention, 
there is provided a method of manufacturing a device 
comprising the steps of: 

(a) providing a substrate that is at least partially cov- 
ered by a layer of radiation-sensitive material; 

(b) holding the substrate on a substrate table having 
first holding means for holding a substrate of a first 
type; 

(c) providing a projection beam of radiation using a 
radiation system; 

(d) using patterning means to endow the projection 
beam with a pattern in its cross-section; 

(e) projecting the patterned beam of radiation onto 
a target portion of the layer of radiation-sensitive 
material, 

characterized in that steps (a) and (b) comprise the 
steps of: 

providing a substrate of a second type, having a lay- 
er of radiation-sensitive material, to an intermediate 
substrate holder that is capable of holding the sub- 
strate of the second type and can itself be held by 
the first holding means on the substrate table; and 
providing the intermediate substrate holder, with the 
substrate of the second type held thereon, to said 
substrate table. 

[0014] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered Pf beinc replaced ry thr more genera' term? 
"mask", "substrate" and "target portion", respectively 
[001 5] In the present document, the terms "radiation" 



and "beam" are used to encompass all types of electro- 
magnetic radiation, including ultraviolet radiation (e.g. 
with a wavelength of 365, 248, 1 93, 1 57 or 1 26 nm) and 
EUV (extreme ultraviolet radiation, e.g. having a wave- 
length in the range 5-20 nm), as well as particle beams, 
such as ion beams or electron beams. 
[0016] The present invention will be described below 
with reference to exemplary embodiments and the ac- 
companying schematic drawings, in which: 

Figure 1 depicts a lithographic projection apparatus 
suitable for use with the invention; 
Figure 2 is a plan view of an intermediate substrate 
holder according to a first embodiment of the inven- 
tion; 

Figure 3 is the sectional view of the intermediate 
substrate holder marked AA on Figure 2; 
Figure 4 is the sectional view of the intermediate 
substrate holder marked BB on Figure 2; 
Figure 5 is a schematic plan view of the intermedi- 
ate substrate holder of a second embodiment of the 
invention, showing the pin layout required to hold a 
smaller-than-standard substrate that is fully round; 
Figure 6 is a schematic plan view of the intermedi- 
ate substrate holder of the second embodiment of 
the invention, showing the pin layout required to 
hold a smaller-than-standard substrate with a flat; 
Figure 7 is a schematic plan view of the intermedi- 
ate substrate holder of a third embodiment of the 
invention, showing the pin layout required to hold a 
rectangular substrate; 

Figure 8 is a schematic plan view of the intermedi- 
ate substrate holder of the third embodiment of the 
invention, showing the pin layout required to hold 
an irregular-shaped substrate; 
Figure 9 is a plan view of the intermediate substrate 
holder provided with a series of nested barriers. 

[0017] In the drawings, like reference numerals indi- 
cate like parts. 

[0018] Figure 1 schematically depicts a lithographic 
projection apparatus according to a particular embodi- 
ment of the invention. The apparatus comprises: 

a radiation system Ex, IL, for supplying a projection 
beam PBof radiation (e.g. UV, EUV orcharged-par- 
ticle radiation). In this particular case, the radiation 
system also comprises a radiation source LA; 
a mask table MT provided with a mask holder for 
holding a mask MA (e.g. a reticle), and connected 
to mask positioning means for accurately position- 
ing the mask with respect to item PL; 
a substrate table WT provided with first holding 
means for holding a substrate W (e.g. a resist-coat- 
ed silicon wafer) of a first type, and connected to 
substrate nositioninc me?n? for accurately position- 
ing the substrate with respect to item PL; 
a projection system ("lens") PL (e.g. a refractive, re- 
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flective or catadioptric lens system, or a collection 
of electric and/or magnetic field deflectors) for im- 
aging an irradiated portion of the mask MA onto a 
target portion C (e.g. comprising one or more dies) 
of the substrate W. 

As here depicted, the apparatus is of atransmissivetype 
(i.e. has a transmissive mask). However, in general, it 
may also be of a reflective type (with a reflective mask). 
Alternatively, the apparatus may employ another kind of 
patterning means, such as a programmable mirror array 
of a type as referred to above. 

[0019] The source LA (e.g. a lamp, laser, plasma dis- 
charge source or electron or ion gun) produces a beam 
of radiation. This beam is fed into an illumination system 
(illuminator) IL, either directly or after having traversed 
conditioning means, such as a beam expander Ex, for 
example. The illuminator IL may comprise adjusting 
means AM for selling the outer and/or inner radial extent 
(commonly referred to as o-outer and o-inner, respec- 
tively) of the intensity distribution in the beam. In addi- 
tion, it will generally comprise various other compo- 
nents, such as an integrator IN and a condenser CO. In 
this way, the beam PB impinging on the mask MA has 
a desired uniformity and intensity distribution in its 
cross-section. 

[0020] It should be noted with regard to Figure 1 that 
the source LA may be within the housing of the litho- 
graphic projection apparatus (as is often the case when 
the source LA is a mercury lamp, for example), but that 
it may also be remote from the lithographic projection 
apparatus, the radiation beam which it produces being 
led into the apparatus (e.g. with the aid of suitable di- 
recting mirrors); this latter scenario is often the case 
when the source LA is an excimer laser. The current in- 
vention and Claims encompass both of these scenarios. 
[0021] The beam PB subsequently intercepts the 
mask MA, which is held on a mask table MT. Having 
traversed the mask MA, the beam PB passes through 
the lens PL, which focuses the beam PB onto a target 
portion C of the substrate W. With the aid of the sub- 
strate positioning means (and interferometric measur- 
ing means IF), the substrate table WT can be moved 
accurately, e.g. so as to position different target portions 
C in the path of the beam PB. Similarly, the mask posi- 
tioning means can be used to accurately position the 
mask MA with respect to the path of the beam PB, e.g. 
after mechanical retrieval of the mask MA from a mask 
library, or during a scan. In general, movement of the 
object tables MT. WT will be realized with the aid of a 
long-stroke module (course positioning) and a short- 
stroke module (fine positioning), which are not explicitly 
depicted in Figure 1 . However, in the case of a wafer 
stepper (as opposed to a step-and-scan apparatus) the 
mask table MT may just be connected to a short stroke 
ftctustci. c. it.cA Le- n>ec 

[0022] The depicted apparatus can be used in two dif- 
ferent modes: 



1 . In step mode, the mask table MT is kept ssen- 
tially stationary, and an entire mask image is pro- 
jected in one go (i.e. a single "flash") onto a target 
portion C. The substrate table WT is then shifted in 

5 the x and/or y directions so that a different target 
portion C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single "flash". Instead, the mask table 

10 MT is movable in a given direction (the so-called 
"scan direction", e.g. the y direction) with a speed 
v, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
's posite direction at a speed V= Mv, in which M is the 
magnification of the lens PL (typically, M = 1/4 or 
1/5). in this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

20 

[0023] Figure 2 shows a plan view of an example of 
an intermediate substrate holder 1 that can be used in 
conjunction with the first holding means (100) provided 
on the substrate table WT referred to above. The inter- 
ns mediate substrate holder is the same size and shape as 
that of a (standard) substrate W of a first type for which 
the lithographic projection apparatus is designed; spe- 
cifically, it is thin and substantially planar, with a perim- 
eter 2 which is either fully round or is provided with a flat 

30 18 (as in the example shown in Figure 2). 

[0024] The lower surface (second major surface) of 
the intermediate substrate holder 1 is substantially flat. 
The upper surface (first major surface) 1a is comprised 
of a central area 3 — on which a (non-standard) sub- 

35 strate 10 of a second type (not shown in Figure 2) can 
be placed for processing — and positioning pins 4,5 for 
fastening the non-standard substrate 1 0 to the interme- 
diate holder during non-position-critical processes (e.g. 
transferring operations). The intermediate substrate 

40 holder is also provided with a recess 7 which facilitates 
the placing, e.g. with tweezers, of a non-standard sub- 
strate 10 onto the intermediate substrate holder 1 . 
[0025] The intermediate substrate holder should be 
very thin, e.g. approximately 2mm, to enable the com- 

45 bination of the intermediate substrate holder and the 
non-standard substrate 10 to be passed through wafer 
handling apparatus and to fit under the projection sys- 
tem . The intermediate substrate holder should also gen- 
erally be made to very tight tolerances, and is therefore 

so preferably made from a vitreous material. A typical 
choice would be Zerodur™ , inter alia because of its very 
low thermal expansion coefficient. 
[0026] The central area 3 on the upper surface of the 
intermediate substrate holder 1 is used for supporting 

55 the non-standard substrate 1 0 and fixedly holding it dur- 
\ul £.liyrir,-.er.i c.r.c &;.pc&L.re (lot e>. amp le) s when the po- 
sition of the substrate is critical. It is comprised of a ma- 
trix pattern of protrusions 8, a barrier 9, and through- 
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holes 1 1 . The protrusions 8 are commonly embodied as 
burls or pimples. 

[0027] The protrusions 8 are accurately machined on 
the upper surface 1 a of the intermediate substrate hold- 
er 1 and support the non-standard substrate 10 when it 
is placed on the intermediate substrate holder. The 
through-holes 11 are interspersed amongst the protru- 
sions 8 and pass completely through the intermediate 
substrate holder, such that when the underside of the 
intermediate substrate holder 1 is exposed to a vacuum, 
the space around the protrusions 8 (the vacuum space) 
is also exposed to the vacuum. The barrier 9 (also re- 
ferred to as a "vacuum wall") is arranged around the pro- 
trusions 8 on the upper surface of the intermediate sub- 
strate holder, and serves to delineate (bound) the said 
vacuum space. Thus, when the space around the pro- 
trusions 8 is exposed to a vacuum, the non-standard 
substrate 1 0 is held fixedly to the intermediate substrate 
holder 1. 

[0028] A similar arrangement (i.e. a matrix arrange- 
ment of protrusions embraced by a vacuum wall) is used 
to hold (standard) substrates W of the first type to the 
first holding means 100. Thus, when the intermediate 
substrate holder 1 — which is tailored to be held by the 
first holding means 100 in the same way as a standard 
substrate W — is attached to the first holding means 
100, it is held by a vacuum that acts on the lower side 
of the intermediate substrate holder 1 . Therefore, the 
through-holes 11 of the intermediate substrate holder 1 
will be exposed to the vacuum that holds the intermedi- 
ate substrate holder 1 to the first holding means 100, 
and the same vacuum will hold the non-standard sub- 
strate 1 0 to the intermediate substrate holder 1 ; this thus 
occurs without any modification of the first holding 
means 1 00. A sectional view of part of the intermediate 
substrate holder 1 , including two protrusions 8, the bar- 
rier 9 and a vacuum through-hole 1 1 , is shown in Figure 
3. 

[0029] Figure 3 also shows a sectional view of one of 
the positioning pins 4 The positioning pin 4 is comprised 
of a shaft 14, which is located in a hole 12 in the inter- 
mediate substrate holder 1, and a head 13, which has 
a cross section greater than that of both hole 12 and 
shaft 14, and is located on the upper surface 1a of the 
intermediate substrate holder 1 . The side 1 5 of the head 
13 is substantially vertical, and has lip 16, at the top, 
which engages with the edge of the non-standard sub- 
strate 1 0. The shaft 1 4 of the positioning pin 4 is secured 
in the hole 12 by means of, for example, a glue. 
[0030] The positioning pins 4,5 are arranged around 
the central area 3 on the upper surface 1a of the inter- 
mediate substrate holder 1 , outside of the area defined 
by the barrier 9. The non-standard substrate 10 can be 
attached to th intermediate substrate holder 1 by 
means of the positioning pins : as well as by application 
r* ? vacui'^" I 1 " th »p prnbndime^ 1 rhowr in Firi^p ? 
there are three stationary positioning pins 4, arranged 
around one side of the c ntral area 3, and a fourth po- 



sitioning pin 5, mounted on a slidable clamping mecha- 
nism 30 (shown in Figures 1 and 4), on the opposite side 
of the central area 3. When the slidable clamping mech- 
anism 30 is in a clamping position, the non-standard 

5 substrate 10 is held between the stationary positioning 
pins 4 } mounted directly on the intermediate substrate 
holder 1 , and the slidable pin 5, mounted on the slidable 
clamping mechanism 30. The lip 16 on the stationary 
positioning pins 4, and a corresponding lip 56 on the sl- 

10 idable pin 5, hold the non-standard substrate 10 down 
onto the protrusions 8 of the intermediate substrate 
holder 1 . 

[0031] These mechanical means of holding the non- 
standard substrate 10 to the intermediate substrate 

*5 holder 1 are necessary f orthe operations that take place 
when there is no vacuum to hold the non-standard sub- 
strate 10 to the intermediate substrate holder 1 , such as 
transport operations. This allows the non-standard sub- 
strate to be put through processing steps without the 

20 equipment requiring modification. 

[0032] Physical restraint of the non-standard sub- 
strate 10 by pins 4,5 leads to the potential problem of 
wear, and more particularly to problems of contamina- 
tion of the substrate by wear particles. For this reason, 

25 the pins 4,5 are preferably made from a ceramic material 
with very high wear resistance, such as Aluminum Ox- 
ide. They are also preferably replaceable. 
[0033] A sectional view of the slidable clamping 
mechanism 30 is shown in Figure 4. The slidable clamp- 

30 ing mechanism 30 is located on the upper surface 1 a of 
the intermediate substrate holder 1 outside the area de- 
fined by the barrier 9, with the slidable positioning pin 5, 
which is mounted upon it, reciprocally slidable in a sub- 
stantially radial direction. The slidable clamping mech- 

35 anism 30 is comprised of a recess 40, which is machined 
in the intermediate substrate holder 1 } and a slider 31 
that fits in the recess 40. The slider 31 can slide in the 
recess 40 between two positions: an open position (to 
the left as shown in Figure A), in which position the non- 
40 standard substrate 1 0 may be placed on or removed 
from the intermediate substrate holder 1 , and a clamp- 
ing position (to the right as shown in Figure 4), in which 
the non-standard substrate 10 will be held on the inter- 
mediate substrate holder 1 between the positioning pins 

45 4,5. The slider 31 is biased by spring 43 to the clamping 
position. Spring 43 acts between the end face 34 of a 
slot 33 in the slider 31 and the end face 42 of the recess 
40 in the intermediate substrate holder 1 . The slider may 
also be provided with a catching means or detent (not 

so shown) such that, when it is in the fully open position, it 
will remain in that position until pushed at least partway 
towards the clamping position. 

[0034] The recess 40 has a lid 41 that covers it for the 
majority of its length. The slider 31 is held down in the 
55 bottom of the recess 40 by a leaf spring 35 that acts 

pppjr-ci the pnrWFir^ r f lid Thp |p?f cprjric i. e 

located in a second channel 36 in the slider. 

[0035] The slider 31 is fitted with a positioning pin 5 
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(the slidable positioning pin) which is similar to the po- 
sitioning pins 4 that are fitted directly onto the interme- 
diate substrate holder 1 (the stationary positioning pins). 
As in the case of the stationary positioning pins, slidable 
positioning pin 5 has a shaft 54 that is located in a 
through-hole 32 in the slider and a head 53 that has a 
larger cross section than the shaft 54 or through-hole 
32, and is located on the upper surface 31 a of the slider 
31. Also, as in the stationary positioning pins 4, the sli- 
dable positioning pin 5 has a substantially vertical side 
55 and a lip 56 for holding the non-standard substrate 
10 in place, and the shaft 54 is secured in the through- 
hole 32 by means of, for example, a glue. 
[0036] The recess lid 41 and the slider 31 are both 
subject to the same material requirements as the main 
body of the intermediate substrate holder 1 , and should 
preferably be made of the same material, e.g. a vitreous 
material such as Zerodur™. 

[0037] As stated above, il is a requirement that the 
present invention be able to hold substrates that are 
non-standard because of size or shape, including piec- 
es of substrate that have broken off standard substrates. 
Figures 5 to 8 show schematically how the present in- 
vention can be used to hold different non-standard sub- 
strates. 

[0038] Figure 5 shows one embodiment of the inter- 
mediate substrate holder 1 of the present invention with 
a fully round substrate 10a that is smaller than standard. 
In this case, the substrate can be held stable by three 
pins, two of which are the stationary pins 4, mounted 
directly onto the upper surface of the intermediate sub- 
strate holder, and the other of which is mounted on the 
slidable clamping means 30. 

[0039] Figure 6 shows the intermediate substrate 
holder 1 of the present invention with a substrate 1 0b 
that is smaller than standard and has a flat. I n this case, 
three stationary positioning means are required, two of 
which engage the flat in order to correctly orientate the 
non-standard substrate, as well as the slidable position- 
ing pin 5. 

[0040] Figure 7 shows an alternative embodiment of 
the intermediate substrate holder 1 of the present inven- 
tion with a rectangular substrate 10c. In this case, two 
of the stationary positioning pins 4 secure one corner of 
the substrate and two sliding positioning pins 5, mount- 
ed on the slidable clamping mechanism 30', secure the 
opposite comer of the substrate. 

[0041] Figure 8 shows the same arrangement of the 
present invention as in Figure 7, for holding a rectangu- 
lar substrate, but as used for holding a piece of substrate 
10d that has broken off from a complete substrate. In 
this case, each of the pairs of pins 4,5 is used to secure 
either a corner or an edge, depending on the shape of 
the broken piece. 

[0042] It should be appreciated that, for some differ- 

the intermediate substrate holder 1 may need to have a 
different size or shape, in order that the vacuum area 
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enclosed by the barrier 9 be completely covered by the 
non-standard substrate 10, such that when a vacuum is 
present it will properly hold the substrate 10 onto the 
intermediate substrate holder 1. This is overcome, as 

5 shown in Figure 9, by arranging an intermediate sub- 
strate holder with a series of barriers 200, 201 , 202 ar- 
ranged in nested fashion on the upper surface 1 a of the 
intermediate substrate holder. This creates a range of 
sizes of vacuum area. Each vacuum area enclosure 

10 (bounded in the example of Figure 9 by 200 and 201 , 
201 and 202, and by 202 alone) has its own through- 
holes 203, 204, 205 respectively. The through-holes are 
either selectively closeable or selectively exposed to 
vacuum on the underside of the intermediate substrate 

15 holder 1. Extra stationary positioning pins 206, 207, 
which are removable, are provided to secure the non- 
standard substrates 1 0 placed on the inner two barriers 
201,202. 

[0043] It should further be appreciated that, while in 
20 the embodiments described above the non-standard 
substrate 10a-10d is secured to the intermediate sub- 
strate holder 1 by means of both a vacuum and by the 
positioning pins, other embodiments of the present in- 
vention could use only one of these two securing meth- 
25 ods. 

[0044] Whilst we have described above specific em- 
bodiments of the invention it will be appreciated that the 
invention may be practiced otherwise than described. 
The description is not intended to limit the invention. 

30 

Claims 

1. A lithographic projection apparatus comprising: 

35 

a radiation system for supplying a projection 
beam of radiation; 

a support structure for supporting patterning 
means, the patterning means serving to pattern 
40 the projection beam according to a desired pat- 

tern; 

a substrate table provided with first holding 
means for holding a substrate of a first type; 
and 

45 - a projection system for projecting the patterned 
beam onto a target portion of the substrate, 

characterized by an intermediate substrate 
holder that can be held by the first holding means 
50 and is provided with second holding means for hold- 
ing a substrate of a second type. 

2. Apparatus according to Claim 1 wherein the second 
holding means comprise vacuum holding means. 

55 

• .,^^t..c..c£ r.Lv.oioi.it, ,^ oic.ir:. c wneieir. the vacu- 
um holding means are located on the intermediate 
substrate holder and comprise: 
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a vacuum space on which the substrate of the 

second type can be placed; 

barrier means around the edge of the vacuum 

space, serving to close off the vacuum space; 

means for exposing the vacuum space to vac- 

uum. 

4. Apparatus according to Claim 3 wherein the barrier 
means are comprised of a series of nested barriers, 
each defining a discrete vacuum space on which 
differing sizes of substrate of the second type can 
be placed, and each able to make a sealing ar- 
rangement with substrates of the second type that 
are of a sufficient size: 

and the means for exposing the vacuum space to 
vacuum are means whereby each of the discrete 
vacuum spaces defined by the said barriers can be 
separately and selectively exposed to vacuum. 

5. Apparatus according to Claim 1 , 2 or 3 wherein said 
second holding means comprise mechanical 
clamping means. 

6. Apparatus according to Claim 5 wherein the clamp- 
ing means are located on the intermediate sub- 
strate holder and comprise two or more stationary 
positioning pins opposed by a slidable mechanism 
that is provided with at least one sliding positioning 
pin mounted thereon and that is biased to move the 
sliding positioning pin towards the stationary pins. 

7. Apparatus according to any one of the preceding 
Claims wherein the intermediate substrate holder is 
capable of holding a substrate of the second type 
that is smaller than a substrate of the first type. 

8. Apparatus according to any one of the preceding 
Claims wherein the intermediate substrate holder is 
capable of holding a substrate of the second type 
that is substantially non-circular in shape. 

9. Apparatus according to any one of the preceding 
Claims wherein the intermediate substrate holder is 
capable of holding a substrate of the second type 
that is a piece of a broken substrate of the first type. 

10. A device manufacturing method comprising the 
steps of: 

(a) providing a substrate that is at least partially 
covered by a layer of radiation-sensitive mate- 
rial; 

(b) holding the substrate on a substrate table 
having first holding means for holding a sub- 
strate of a first type; 

fr> Tovir'inc ? p»-pipptir->r pppm pf rpdlPtior 

ing a radiation system; 

(d) using patterning means to endow the pro- 
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jection beam with a pattern in its cross-section; 
(e) projecting the patterned beam of radiation 
onto a target portion of the layer of radiation- 
sensitive material, 

characterized in that steps (a) and (b) comprise 
the steps of: 

providing a substrate of a second type, having 
10 a layer of radiation-sensitive material, to an in- 

termediate substrate holder that is capable of 
holding the substrate of the second type and 
can itself be held by the first holding means on 
the substrate table; and 
15 - providing the intermediate substrate holder, 
with the substrate of the second type held ther- 
eon, to said substrate table. 

11. A device manufactured according to the method of 
20 Claim 10. 

12. An intermediate substrate holder comprising: 

a substantially planar body having a first major 
25 surface; 

a matrix of protrusions extending from said first 
major surface, for supporting a substrate; 
barrier means provided on said first major sur- 
face for defining a vacuum space between that 
30 surface and a substrate resting against the said 

protrusions; 

means for exposing the vacuum space to a vac- 
uum. 

35 13. An intermediate substrate holder according to 
Claim 12, further comprising positioning pins, 
mounted on the surface of the intermediate sub- 
strate holder outside of the barrier means, at least 
two of which are stationary, and at least one of which 

40 is mounted on a slidable mechanism that is biased 
towards the stationary positioning pins, said posi- 
tioning pins having means to hold said substrate on 
the intermediate substrate holder. 

45 14. An intermediate substrate holder according to 
Claim 1 2 or 1 3, wherein the barrier means comprise 
a series of nested barriers, each defining a discrete 
vacuum space on which differing sizes of substrate 
can be placed, and each able to make a sealing ar- 
50 rangement with substrates that are of a sufficient 
size; 

and the means for exposing the vacuum space to 
vacuum are means whereby each of the discrete 
vacuum spac s defined by the said barriers can be 
55 separately and selectively exposed to vacuum. 
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Fig.5. 
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